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What is claimed is: 

1. A battery-optimized system-on-a-chip comprises: 

5 multimedia module operably coupled to produce rendered output data; 
high-speed interface; 

processing module; . > 

10 • / . : ■ . ; .." 

on-chip memory operably coupled to store at least a portion of a multimedia application, 
wherein the processing module processes input multimedia data in accordance with the at 
least the portion of the multimedia application to produce output multimedia data/ 
wherein the input multimedia data'is received from at least one of the multimedia module 

15 and the high-speed interface, and wherein the output multimedia data is provided to at 
least one of the multimedia module and the high-sped interface; and 

on-chip DC-to-DC converter operably. coupled to convert a battery voltage into a supply 
voltage, wherein the DC -to- DC converter provides the supply voltage to at least one of 
20 the multimedia module, the high-speed inter face, the processing module, and the on-chip 
memory. : >* : 'V\" 

2. The battery-optimized sysiem-dn-a-chip of claim 1, wherein the on-chip memory 
is further operably coupled to provide at ledst a portion of the input multimedia data and 

25 is further operably coupled to receive at least a portion of the output multimedia data. 

3. The battery-optimized systeni-oh^'cliip of claim 1 further comprises: 

a memory interface operably coupled to provide at least a portion of the output 
30 multimedia data to external memory and to receive at least a portion of the input 
multimedia data from the external memory. 
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4. The battery-optimized systeniron-a-G,hip of claim 3 further comprises a plurality 
of memory interfaces operably coupled to provide a plurality of output multimedia data 
to a plurality of external memories and- to receive a plurality of input multimedia data 

5 from the plurality of external memories, : wherein the plurality of memory interfaces 
include the memory interface, wherein the; plurality of external memories includes the 
external memory, the plurality of 'output ^multimedia data includes the at least a portion of 
the output multimedia data, and the plurality of input multimedia data includes the at 
least a portion of the input multimedia, (fty : j , • • 

O ' ' 

I'O - )/■'■ V: 

5. The battery-optimized system-dn-a-c!iiif of claim 1 further comprises a plurality 
of processing modules operably coupled, to - perform a plurality of multimedia 
applications, wherein the plurality of processing modules includes the processing module. 

15 6. The battery-optimized system-6n-a-chip ; " of claim 1 further comprises a plurality 
of high speed interfaces operably coupled to provide a plurality of input multimedia data 
to the processing module from a plurality of external sources and to provide a plurality of 
output multimedia data to the plurality of external sources, wherein the plurality of high- 
speed interfaces includes the high-speed interface, the plurality of input multimedia data 

20 includes the input multimedia data, and "'the^l^aiity of output multimedia data includes 
the output multimedia data. r: v ; -f : v 

7. The battery optimized system-on-a-chip of claim 6, wherein each of the plurality 
of external sources comprises at least oiie of: a host computer, a video decoder, memory 

25 . card, removable memory drive, a wireless modem, and a CMOS/CCD image sensor. 

8. The battery-optimized systehi-on-a-ciiip of claim 1, wherein each of the input and 
output multimedia data further comprises at; least one of: digital audio, analog audio, 
digital video, analog video, text, and video graphics. 
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9. The battery-optimized system-qi^ claim 1 further comprises a battery 

charger operably coupled to charge a battery ' : that' provides the battery voltage when an 
external power source is coupled to the battery^ opt i m i zed system-on-a-chip. 

5 10. The battery-optimized system-bn-a-chip of claim 1, wherein the high-speed 
interface further comprises a universal, seiriat bus compliant interface. 

11. The battery-optimized syslcm-pn-a-chip of claim ], wherein the multimedia 
module produce the rendered output . data -TMn the output multimedia data, the 
1 0 multimedia module further comprises:; '"^ .v 

a capacitor-less headphone driver 'ojj^raBlyV^'Qupi^ to provide at least a portion of the 
rendered output data to a pair of headphones,; wherein the capacitor-less headphone, driver 
includes: ■ ' '.'-.^ ' . ' 

is ■ . ■ yVi$>^- : " \ 

a first channel driver; 

a second channel driver; and^ 7 ,' v : ' 

20 an AC ground channel driver,; ; \yherein the first channel driver drives a first 

channel of the pair of headphones with '^return via the AC ground channel driver 
and wherein the second channel;- Wiver ^drives a second channel of the pair of 
headphones with a return via the, AC ground channel driver. 

25 12. The battery-optimized systeniTon-a-ehip of claim 1 1, wherein the capacitor-less 
headphone driver further comprises:; > 

a first channel integrated circuit (IC) pad operably coupled to the first channel driver; 
30 a second channel IC pad operably coupled to' the second channel driver; 
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an AC ground IC pad operably coupled to the AC ground channel driver; and 

a unit gain feedback IC pad operably coupled to provide a unity gain feedback for the AC 
ground channel driver. .' : •• ■■- 

5 : . ; . : ' 

■ 13. The battery-optimized system-on-a-chip of claim 1 further comprises: 

an electro-luminance backlighting drive circuitry operably coupled to at least partially 
power a backlight to a display that is* displaying at least a portion of the output 
1 0 multimedia data to, wherein the electro-luminance back drive circuitry includes: 

a sink transistor connection;,. V ' ;^ • / 

a first load. transistor connection; i ' 

15 : . 

a second load transistor connection; 

gating circuitry operably coupled to enable a sink transistor operably coupled to 
the sink transistor connection to sink energy from an external inductor and to 
20 enable one of first and second ; load/transistors operably coupled to the first and 

second load transistor connections to draw energy from a second external inductor 
to provide an electro-luminance backlighting drive voltage. 

14. The battery-optimized system-on-a-chip of claim 1, wherein the DC-to-DC 
25 converter is further coupled to provide the supply voltage off-chip. 

15. The battery-optimized system : 6?fa-cl : iip : of claim 1, wherein the on-chip memory 
further comprises at least one of flash memory, read only memory, and random access 
memory. ' ; ' ; .. 
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16. The battery-optimized system-on-a-ehip ;X)f claim 1, wherein the multimedia 
module further functions to provide the rendered output data to at least one of: 
headphones, a speaker, and a video, graphics display, and wherein the multimedia module 
further functions to receive input signals from' at least one of: a keypad, a keyboard, an 
image capture device, and a microphone, wherein the multimedia module processes the 
input signals to produce the input multimedia data. 
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17. A comprehensive system-on-a-chip comprises: 

a processing core operably coupled to process input digital data and produce therefrom 
output digital data; : 

5 . - • V ■ ; ; : 

digital interface circuitry operably coupled to provide the input digital data to the 
processing core and to receive the output digital data from the processing core; 

mixed signal circuitry operably coupled to convert input analog signals into, at least some 
10 of the input digital data and to convert at least some of the output digital data into output 
analog signals; and 

battery optimization circuitry that includes a DC- to- DC converter and a battery charger, 
wherein the DC-to-DC converter is operably coupled to convert a battery voltage into a 
15 supply voltage that supplies at least one. of:, the processing core, the digital interface 
circuitry, and the mixed signal circuitry 'and the battery charger is operably coupled to 
charge a battery that generates the battery voltage. . 

18. The comprehensive system-oii-drchi^ of; claim 17, wherein the processing core 
20 further comprises: at least one processing module and on-chip memory, wherein the on- 
chip memory is operably coupled to store at .least a portion of a multimedia application, 
wherein the at least one processing module processes the input digital data in accordance 
with the at least the portion of the multimedia application to produce the output digital 
data. ' ■ \ 




19. The comprehensive system-ori-a-chip of claim 1 8, wherein the on-chip memory is 
further operably coupled to provide at least :a portion of the input digital data and is 
further operably coupled to receive at least a portion of the output digital data. 

30 20. The comprehensive system-on-a-chip o f claim 17, wherein mixed signal circuitry 
further comprises: - . y: 

• ' V V:; 29: ■ 
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a memory interface operably coupled to. ^provide at least a portion of the output digital 
data to external memory and to recei ve at least a portion of the input digital data from the 
external memory. v: ."V^ r 

5 .. /--r- ' Kir ' *'- ' : 

21. The comprehensive system-on-a^-chip , of claim 20 further comprises a plurality of 
memory interlaces operably coupled to provide a plurality of output digital data to a 
plurality of external memories and to receive- a plurality of input digital data from the 
plurality of external memories, wherein the ; plurality of memory interfaces include the 
10 memory interface, wherein the plurality of external memories includes the external 
memory, the plurality of output digital data 'irichides the at least a portion of the output 
digital data, and the plurality of input digital .data includes the at least a portion of the 
input digital data. " -V T ' •' " ' 

. 15 22. The comprehensive system-on-ii-bhip of claim 17 further comprises a plurality of 
high speed interfaces operably coupled to provide a plurality of input digital data to the 
processing module from a plurality of* external sources and to provide a plurality of 
output digital data to the plurality of external; sdurces, wherein the plurality of input 
digital data includes the input digital -data and the' plurality of output digital data includes 

20 the output digital data. — aa 

23 . The comprehensive system-on-a~chip of claim 22, wherein each of the plurality of 
external sources comprises at least one of: a host computer, a video , decoder, memory 
card, removable memory drive, a wireless modem!, and a CMOS/CCD image sensor. 

25 , ' ■ 

24. The comprehensive system-oiva-chip of claim 17, wherein each of the input and 
output digital data further comprises at least Dhd of: digital audio, analog audio, digital 
video, analog video, text, and video'gra'phicl 5 

30 25. The comprehensive system-on-a-chip of claim 17, wherein the mixed signal 
circuitry further comprises: 
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a capacitor-less headphone driver operably coupled to provide at least a portion of the 
output multimedia data to a pair oft headphones, wherein the capacitor-less headphone 
driver includes: ,f ' ; "' 

5 : ' : ; ' ;\ ; ; ' " \ 

a first channel driver; - ■ ::, * J '- -> 

a second channel driver; and ^ 

10 an AC ground channel driver,: wherein the first channel driver drives a first 

channel of the pair of headph'tiiids wi th a return via the AC ground channel driver 
and wherein the second channel driver drives a second channel of the pair of, 
headphones with a return via the AC ground channel driver. ' 

15 26. The comprehensive system-on-a-chip of claim 25, wherein the capacitor-less 
headphone driver further comprises: 

a first channel integrated. circuit ( I C) pad operably coupled to the first channel driver; 

20 a second channel IC pad operably coupled td'thc 'second channel driver; 

an AC ground IC pad operably coupled to the AC ground channel driver; and 

a unit gain feedback IC pad operably coupled to provide a unity gain feedback for the AC 
25 ground channel driver. 

27. The comprehensive systeni-on-a-chip ^f claim 17, wherein the mixed signal 
circuitry further comprises: 
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an electro-luminance backlighting, drive circuitry- operably coupled to at least partially 
power a backlight to a display that is displaying at least a portion of the output 
multimedia data to, wherein the electro-luminance backlighting drive circuitry includes: 

a sink transistor connection; 

a first load transistor connection; . . 

a second load transistor connection;^. ;? yy- 

gating circuitry operably coup 1 ed-Uo citabl e a sink transistor operably coupled to 
the sink transistor connection tcv sink energy from an external inductor and to 
enable one of first and second load 1 transistors operably coupled to the first and 
second load transistor connections to draw energy from a second external inductor 
to provide an electro-luminance backlighting drive voltage.. 

28. The comprehensive system-pn-a-chip - of claim 17, wherein the DC-to-DC 
converter is further coupled to pro^&ih^hpply voltage off-chip. 
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29. A multiple function battery operated device comprises: 

an inductor; 5 

5 a battery; ; : 

a display interface; and 

a battery-optimized system-on-a-chip operably" coupled to the inductor, the battery, and 
1 0 the display interface, wherein the battery-optimized system-on-a-chip includes: 



multimedia module operably coupled to the display interface, wherein the 
multimedia module generates rendered output data; 



15 



high-speed interface; 



processing module; 




25 



20 



on-chip memory operably coupled to .store at least a portion of a multimedia 
application, wherein the processing module processes input multimedia data in 
accordance with the at least the "portion of the multimedia application to produce 
output multimedia data, whereiit the ihput multimedia data is received from at 
least one of the multimedia module and the high-speed interface, and wherein the 
output multimedia data is provided to at least one of the multimedia module and 
the high-sped interface; and 



30 



on-chip DOto-DC converter operably coupled to convert a battery voltage 
provided by the battery in coiTiunction' with the inductor into a supply voltage, 
wherein the DC-to-DC converter provides the supply voltage to at least one of the 
multimedia module, the highspeed interface, the processing module, and the on- 
chip module. v :i: 
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30. The multiple function battery operated; device of claim 29, wherein the on-chip 
memory is further operably coupled - to provide: at least a portion of the input multimedia 
data and is further operably coupled to receive at least a portion of the output multimedia 

5 data. ' [ ' ■ " ' 

31. . The multiple function battery operated device of claim 29 further comprises: 

.. a memory interface operably coupled ; to ' prpvidc at least a portion of the output 
10 multimedia data to external memory -and to receive at least a portion of the input 
multimedia data from the external memory. ' - . 

32. The multiple function battery operated device of claim 3.1 further comprises a 
plurality of memory interfaces operably coupled to provide a plurality of output 

15 multimedia data to a plurality of external memories and to receive a plurality of input 
multimedia data from the plurality of external " memories, wherein the plurality of 
memory interfaces include the memory interface, wherein the plurality of external 
memories includes the external memory^ the plurality of output multimedia data includes 
the at least a portion of the output multimedia -data, and the plurality of input, multimedia 

20 data includes the at least a portion of the ' input multimedia data. 

33. The multiple function battery, operated device of claim 29 further comprises a 
plurality of processing modules operably: coupled to perform a plurality of multimedia 
applications, wherein the plurality of processing inddules includes the processing module. 

25 ■ • ; 

34. The multiple function battery operated device of claim 29 further comprises a 
-plurality of high speed interfaces "operably coupled to provide a plurality of input 
multimedia data to the processing module ^from a plurality of external sources and to 
provide a plurality of output multimedia daiti to the plurality of external sources, wherein 

30 the plurality of high-speed interfaces includes; the high-speed interface, the plurality of 
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input multimedia data includes the input mul timedia data, and the plurality of output 
multimedia data includes the output multimedia data. 

35. The multiple function battery operated device of claim 34, wherein each of the 
5 plurality of external sources comprises .at: least one of: a host computer, a video decoder, 

memory card, removable memory drive, a .wireless modem, and a CMOS/CCD image 
sensor. . 

36. The multiple function battery ^operated: device of claim 29, wherein each of the 
10 input and output multimedia data lurdrer. comprises at least one of: digital audio, analog 

audio, digital video, analog video, text, -and vided graphics. 

37. The multiple function battery ojieniled device of claim 29 further comprises a 
battery charger operably coupled to" :C^g^;;k'battery that provides the battery voltage 

15 when an external power source is coupled to the battery-optimized system-on-a-ehip. 

38. The multiple function battery- operated device of claim 29, wherein the high-speed 
interface further comprises a universaf serial Bu^tbmpliant interface. 

20 39. The multiple function battery operated device of claim 29, wherein the 
multimedia module produce the rendered output data from the output multimedia data, 
the multimedia module further comprises: . ' ; ' 

a capacitor-less headphone driver operably coupled to provide at least a portion of the 
25 rendered output data to a pair of headphones, wherein the capacitor-less headphone driver 



includes: 




a first channel driver; 
30 a second channel driver; and; . ' 
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an AC ground channel driver;*, ^wherein the first channel driver drives a first 
channel of the pair ()f headphones with a return via the AC ground channel driver 
and wherein the second channel, drive a second channel of the pair of 

headphones with a return viaithe AC ground channel driver. 

5 -. . ■ \ ::^ : :-::^ir%r/ 

40. The multiple -function battery operated device of claim 39, wherein the capacitor- 
less headphone driver further compri ses : , 

a first channel integrated circuit (IC) ; pad operably coupled to the first channel driver; 

10 * " > . V ,-r-;;K^- ■ - • 

a second channel IC pad operably coupled to- the second channel driver; 

an AC ground IC pad operably co up I ecf to t he AC ground channel driver; and 

i5 a unit gain feedback IC pad operably coupled to provide a unity gain feedback for the AC 
ground channel driver. ? 

4 1 , The multiple function battery operated 'device of claim 29 further comprises: 

20 an electro-luminance backlighting drive circuitry' operably coupled to at least partially 
power a backlight to a display that is displaying at least a portion of the output 
multimedia data to, wherein the electrb-luminahce backlighting drive circuitry includes: 

a- sink transistor connection; 

a first load transistor connection; 

a second load transistor connection; 

gating circuitry operably coupled to' enable a sink transistor operably coupled to 
the sink transistor connection tb ; sink energy from an external inductor and to 
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enable one of first and second load transistors operably coupled to the first and 
second load transistor connections to draw energy from a second external inductor 
to provide an elect ro-1 uminanee' back j ight i n g drive voltage. 

5 . 42. The multiple function battery operated device of claim 29, wherein the DC-to-DC 
converter is further coupled . to provide the supply voltage off-chip. 

43. The multiple function battery-operated. device of claim 29, wherein the on-chip 
memory further comprises read only memory, and random access memory. 

10 ■ ' • . • . ' • 

44. The multiple function battery- operated device of claim 29, wherein the 
multimedia module further lunctibhs .'U) pipy idc the rendered output data to at least one 
of: headphones, a speaker, and a video graphics display, and wherein the multimedia 
module further functions to receive input; ^ig%is from at least one of: a keypad, a 

15 keyboard, an image capture device,; and a: hlicrophone, wherein the multimedia module 
processes the input signals to produce ttie input multimedia data. 

45. The multiple function battery operated device of claim 29, wherein the display 
further comprises at least one of: a .headphone jack, a speaker, and a video graphics 

20 display. . ' /.' '. v \ 1 ^ 

46. The multiple function battery operated; device of claim 29 further comprises an 
input device operably coupled to the multimedia module, wherein the input device 
includes at least one of: a microphone, a keypad, a keyboard, and an image capture 

25 device. 



